New neurons are continually produced in the adult mammalian brain from progenitor cells located in specific brain regions, including the subgranular zone (SGZ) of the dentate gyrus of the hippocampus. We hypothesized that neurogenesis occurs in the canine brain and is reduced with age. We examined neurogenesis in the hippocampus of five young and five aged animals using doublecortin (DCX) and bromodeoxyuridine (BrdU) immunostaining. The total unilateral number of new neurons in the canine SGZ and granule cell layer (GCL) was estimated using stereological techniques based upon unbiased principles of systematic uniformly random sampling. Animals received 25 mg/kg of BrdU once a day for 5 days and were euthanized 9 days after the last injection. We found evidence of neurogenesis in the canine brain and that cell genesis and neurogenesis are greatly reduced in the SGZ/GCL of aged animals compared to young. We further tested the hypothesis that an antioxidant fortified food or behavioral enrichment would improve neurogenesis in the aged canine brain and neurogenesis may correlate with cognitive function. Aged animals were treated for 2.8 years and tissue was available for six that received the antioxidant food, five that received the enrichment and six receiving both treatments. There were no significant differences in the absolute number of DCX or DCX-BrdU neurons or BrdU nuclei between the treatment groups compared to control animals. The number of DCX-positive neurons and double-labeled DCX-BrdU-positive neurons, but not BrdU-positive nuclei alone, significantly correlated with performance on several cognitive tasks including spatial memory and discrimination learning. These results suggest that new neurons in the aged canine dentate gyrus may participate in modulating cognitive functions.
Introduction
Neurogenesis in the post-natal adult mammalian brain has been reported in rats (Kuhn, Dickinson-Anson, & Gage, 1996) , mice (Kempermann, Kuhn, & Gage, 1997) , tree shrews (Gould, McEwen, Tanapat, Galea, & Fuchs, 1997) , guinea pigs (Altman & Das, 1967) , rabbits (Gueneau, Privat, Drouet, & Court, 1982) , cats (Wyss & Sripanidkulchai, 1985) , monkeys (Gould, Tanapat, McEwen, Flugge, & Fuchs, 1998 , 1999c Rakic & Nowakowski, 1981) and humans (Erikson et al., 1998) . The hippocampal formation continually produces new neurons in the dentate gyrus subgranular zone (SGZ) in adult mammals. These new neurons display passive membrane properties, action potentials and functional synaptic inputs similar to those found in mature dentate granule cells (van Praag et al., 2002) . In hippocampal neurogenesis, although many of the new neurons die shortly after they are born, the surviving neurons migrate into the molecular layer and send axons to the CA3 region to form mossy fibers and project dendrites to the outer molecular
